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Abstract

Corrosion phenomena means to the deterioration of metallic materials due to chemical and electrochemical reactions,
because these materials are always trying to reach a state of lower energy potential. Groundwater is vital and the sole
resource in most of the studied region in the city of Alkufra. In this study, The main objectives of this research are to
further broaden the mechanistic understanding of COz corrosion of mild steel in the presence of high concentrations of
calcium ions and evaluate the protectiveness of CaCOs3 scale against further corrosion. The values of these
concentrations in the studied water samples indicate that they constitute a chemically suitable environment for
corrosion and precipitation reactions, additionally, the pH values for the studied water samples ranged between (7. 25
- 7.37), temperature values ranged from 35 °C to 37°C . (95.64 FO to 98.6 F) respectively,it was found that the
Aggressiveness coefficient ranged between (0.25 - (-1.3) and this indicates that the water in this region is highly
corrosive, and the Ryzner coefficient ranges between (6.7 - 9.7), which indicates the water condition is the cause of
corrosion. The Langelier coefficient index shows that the negative values are the cause of the increase in wear rate
values from( -2.73 to -0.89) .Our results show that the presence of calcium carbonate and calcium sulfate as a scaling
environment increases the corrosion rates for carbon steel.
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1 Introduction

Iron corrosion is one of the most complicated and costly problems facing drinking water utilities. A large number of
parameters affect pipe corrosion, including water quality and composition, flow conditions, biological activity, and
corrosion inhibitors. Corrosion studies in an attempt to provide the water industry with an updated understanding of
factors that influence iron pipe corrosion. In particular, this paper reiterates conclusions of prior studies regarding the
Langelier Index—despite its continued widespread use, the Langelier Index does not provide an effective means of

controlling iron corrosion. A review of potential implications of upcoming regulations for iron corrosion is also included
1),

Precipitation of a thin layer of protective calcium carbonate (CaCOs, presumably calcite) was the earliest proposed
method for controlling iron corrosion. Many papers have been dedicated to extolling the virtues of calcite layers (2-3-9)
and many others detail methods to achieve a perfect layer of protective calcite. However, few papers ever demonstrated
a beneficial role for calcite in controlling iron corrosion .Calcium ions are usually present at high concentrations in
brines produced with oil and gas. Such brines are often saturated with respect to calcium carbonate (CaCO3).
Consequently, precipitation of CaCOs as scale on the internal wall of the pipeline can readily occur due to changes in
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operational and environmental parameters as produced fluids are transferred from down hole to surface facilities.
Despite its importance, there is minimal research in the literature addressing the effect of calcium ions, and specifically
CaCOsscale, on the COz corrosion mechanism. Several studies stressed the importance of “free CO2”, which is the sum of
carbonic acid and dissolved carbon dioxide. These studies found that the free CO2 forms surface complexes on the iron
oxide, increasing the solubility of ferrous iron and thus increasing iron concentration and corrosion rates (10, (11-13),

The results of such studies are often contradictory and the corrosion mechanisms in the presence of alkaline earth
cations, such as Ca?+. There are few research studies in the literature that address the effect of Ca2*ions on CO2 corrosion
(19, have not been methodically characterized. There are studies claiming that corrosion rate is higher in the presence
of Ca?+, (1516), Conversely, some researchers came up with the exact opposite conclusions (17-19), There are claims that
Ca?+ ions initiate pitting corrosion attack (19; while another research study states that the presence of CaZ* ions could
postpone the occurrence of pitting on mild steel (29. Such discrepancies concerning the true effect of Ca2* on CO2
corrosion are often due to inadequate experimental procedures and setups which did not enable proper control of the
solution chemistry. So this confusion found in the open literature prompted the development of different procedures
and construction of a new experimental setup for elucidating the relevant issues surrounding CO: corrosion in the
presence of Ca2* ions.

Calcium carbonate (CaCOs3) is isostructural with FeCOs. Therefore, Ca* readily incorporates into the FeCOs structure
and vice versa (21), Therefore, the properties of FeCOs3, both morphologically and chemically in the presence of Ca2+, are
subject to change It has been established already that the morphology of FeCO3 plays a significant role in the corrosion
process (22:23) the role of brine chemistry particularly in terms of the effect of individual ions on corrosion product layer
formation, one of the important species in brines is CaZ*, which can be present at high concentrations 24-” Ding, et al.,
reported the corrosion rate increased with an increase in the Ca*2 concentration (25),

The CO:z corrosion mechanism of mild steel in the presence of high concentrations of Ca*? suggests that the presence of
Ca2* in the solution and possible precipitation of CaCOs3 scale on the steel surface would influence the CO2 corrosion
mechanism. The solubility of CaCO3 in water is about two orders of magnitude greater than the solubility of FeCOs.
Therefore, substitution of Fe2+ by Ca2+* in the lattice of FeCO3 can be hypothesized to alter the solubility of the mixed
carbonate layers in comparison with pure FeCOs layers. In addition, compositional heterogeneity and morphological
alteration are expected when Ca?* incorporates into the FeCOs crystal structure. Mechanisms of CO2 corrosion of mild
steel and the characteristics of its corrosion products have been intensively studied and documented by different
researchers (20). Such studies rely on the initial Ca%* concentration rather than on the CaCOs3 saturation degree of the
bulk solution as the core influential parameter. Iron carbonate (FeCO3) is the main corrosion product in CO2 corrosion
FeCOsis here referred to as a “corrosion product”, (Ca%*) comes from the bulk solution and is then deposited on the steel
surface (14) .This indicates that their constituent cations (Ca2+ and Fe?*) can coexist in a substitutional mixed carbonate
CaCOs3 (mineralogical name: calcite) and FeCOs (siderite) are isostructural with a hexagonal unit cell, designated with
the formula FexCayCOs (1), partial dissolution and/or destruction of this protective layer can lead to localized corrosion
(32) . With respect to CaCOs, precipitation of CaCOs is inevitable due to its fast kinetics; particularly at elevated
temperatures. , the solution tends to reach an equilibrium state with a saturation with respect to CaCO3 approaching
unity. This can lead to significant changes in water chemistry (different pH, [CaZ*], from the initial conditions (to the
final conditions).In that general corrosion was predominant other than pitting corrosion.

Ions (Ca?*, COs2?) plays a crucial role in the calculation of carbonate saturation in the bulk solution. For ideal solutions,
the activity of ions is equal to its concentration. Activity is referred to as the effective concentration of an ion in a non-
ideal solution. However, in the case of a non-ideal solution, the activity of a particular ion can be much lower or higher
than its concentration [33]. Therefore, ignoring the non-ideality of the solution can lead to miscalculations of CaCOs and
FeCOs saturation degrees. This is especially true for studies focused on corrosion/scale interactions, where authors
typically do not take non-ideality into consideration and consequently report incorrect values for the carbonates
saturation degree (34-35). Problems caused by water are plankton and chemical classes that lead to precipitation in the
form of salts, crusts and chemical products. apart from this, depending on its quality and specifications, may be an
aggressive environment for most of the materials, especially mineral ones, which makes it a major cause of the
occurrence of corrosion and damage to various metals and alloys by chemical products dissolves in this medium and
works to change its quality, physical appearance and quantity(3¢).A general phenomenon in our lives, it is widespread
everywhere and in all environments, whether in the atmosphere, corrosion of wells, filters and pumps is a serious
phenomenon that plays a major role in the rate of corrosion of metals (37:38),

On the other hand. In general both iron concentration and the rate of corrosion increase with time when a pipe is first
exposed to water, but then gradually both are reduced as the scale builds up high levels of chloride and sulfate in water
can accelerate corrosiveness in the distribution networks 39). On the other hand, calcium carbonate can precipitate its
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component, which is called cortical formation, which can add electrochemical corrosion reactions in the aqueous
medium, especially with iron metals, as it gives balance with carbon dioxide and its cause of increased corrosion (40-41),

1.1 Study area location

In the city of Al Kufra .It was studied based on a group of groundwater wells at different. It is approximately in the
middle of the northern corner of this basin

2 Material and methods

Water samples were collected from 8 different wells. The water samples were drawn from different depths this study
we are doing some physical and chemical analysis on these Wells samples. (The pH value was measured using a pH
device meter). The total amount of soluble salts (TDS). Immediately after collecting the samples using the Conductivity
meter, , bicarbonate was measured by titration using diluted standard sulfuric acid in the presence of an orange methyl
guide, sulfate, and chloride. These measurements were determined according to the methods reported by (42).

3 Results and discussion

The results obtained were shown in Table (1) the rate of corrosion triples or quadruples as water temperature rises
from 60°F to 140°F. Above 140°F the rate of corrosion doubles for every 20°F increase, thereby results in increase in
temperature of the groundwater from 35°C to 37 °C and (95.64 FO to 98.6 F) respectively, the role of temperature in
corrosion is that all chemical reactions inside the pipes of groundwater are affected, stimulated, and their speed
increases with a rise in temperature, which leads to an increase in the speed of corrosion of pipes. Also, the temperature
affects the increase in the values of the solubility constant, the increase in the sedimentation speed, and thus the
corrosion rate.

The effect of temperature on iron corrosion is often overlooked. Many parameters that influence corrosion can vary
with temperature: dissolved oxygen (DO) solubility, solution properties (e.g. viscosity and ion mobility), ferrous iron
oxidation rate, thermodynamic properties of iron scale (leading to formation of different phases or compounds), and
biological activity.

Dissolved oxygen (DO) is an important electron acceptor in the corrosion of metallic iron
Fe (metal) + 0.502 + H20 & Fe*2 + 20H- (1)
DO can also play a role in the oxidation of ferrous iron (Fe+2) or iron scales, for example:
Fe*2+ 0.2502 + 0.5H20 + 20H- < Fe (OH) 3 (s) (1-2)
FeCOs (s) + 0.502 <> Fe304 (s) + 3C0O2 (1-3)
Fes04 (s) + 02 & 6Fe203 (s) (1-4)
Thus, oxygen concentration can have varying effects on iron corrosion. As expected, the corrosion rate increases with
increasing DO (43). However, effects on iron concentration and tuberculation may be mixed depending on the type of
scale formed. Higher turbidity (a surrogate for iron concentration) was seen at lower oxygen saturation *4 but it is also
reported that water free of DO will not tuberculate (43 DO is also responsible for the ability of buffering ions including
phosphates, to inhibit corrosion(#6-48) For example, in water with DO < 1 mg L.
Kuch Mechanism In the absence of oxygen, it is possible for previously deposited ferric scale to act as an electron
acceptor. This Kuch reaction produces ferrous iron and allows the corrosion reaction to continue even after DO is
depleted :(49-50)
Fe (metal) + 2FeOOH (scale) + 2H* < 3Fe*2 + 40H-
The pH plays an important role in determining the degree of corrosion, pH values for the studied water ranged between

(7. 25 - 7.38) PH. The presence of proteins constitutes half of the cathode reaction for the escalation of hydrogen gas
and the increase in the rate of corrosion in the presence of a cathode reaction of half the oxygen reduction (1)
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If this medium is in direct contact with the iron metal, these reactions will take place
Fe(s) + 2H*—>Fe** + Hz (1)
Fe(s) + 1/202 + 2H*— Fe** + H20 (2)
2H*+2e-—> Hz2(3)

Water with pH values above 7.5 also can be corrosive when alkalinity is low (23) Role of pH. Weight loss is generally
found to increase with increasing pH in the range 7 to 9.8 as is the degree of tuberculation. (51 In contrast, by-product
release was decreased at higher pH.7 Again, this is consistent with increased corrosion by-products being incorporated
into the scale layer. However, one study found that both weight loss and iron concentration decreased as pH was raised
from 8.5 to0 9.2.(10]

The preferential dissolution of the ferrite phase (a-Fe) over FesC in the corrosion process. It has been reported that the
presence of FesC increases corrosion rate through a galvanic effect and provides more cathodic sites for the hydrogen
evolution reaction (52). The possible pathway for hydrogen evolution reactions in CO2 aqueous environments can be
described as follows:

At a higher temperature, the content of oxygen increases while the content of carbon in a protective layer decreases,
which corresponds to the formation of divergent corrosion products at different temperatures. Iron carbonate (FeCO3)

was detected as the main component of the layer with highest protective performance.

Table 1 Results of the physical and chemical properties of groundwater samples in the city of Kufra

NO.W | TC S04 HCO3sppm | COs | TDS | PH | Cappm | Nappm
ppm ppm | ppm

P1 37 | 41.74 | 3843 0 158 7.30 | 14.12 2691

P2 37 | 28.08 | 53.68 0 132 | 7.29 | 14 20.01

P3 35.6 | 65.28 | 53.68 0 630 | 7.33 | 28. 75.21

P4 36.3 | 45.12 | 54 0 175 | 7.28 | 14 31.05

P5 35 80.16 | 61 0 736 | 7.36 | 36 163.9

P6 36.5 | 325 | 106.75 0 1288 | 7.25 | 76 296

P7 36.6 | 285.6 | 285.6 0 641 | 737 |74 169.97

P8 37 | 54.72 | 54.72 0 272 | 732 |26 40.94

Tests can determine if water is likely to be corrosive: the Langelier Saturation Index (LSI) and the Ryzner Stability Index
(RSI) from the results obtained in Table (2). In order to use the LSI, a laboratory must measure pH, electrical
conductivity, total dissolved solids, alkalinity, and total hardness. The LSl is typically negative or positive and only rarely
zero. Negative values predict that the water is more likely to be corrosive. Potentially corrosive water typically has an
LSI value -1 (mild) to -5 (severe). The Langelier Saturation Index is probably a good indication of corrosion or scaling
potential of a well.

From the results obtained in Table (2). A parameter through which the aggressive index of the aqueous medium of well
water is determined as it deals with the conditions of that water that have different exponent values .Hydrogen as well
as basic and given by

AL =pH + Log (ALK * Ca)

Where;

AL aggressiveness factor,
ALK total basal,

Ca Calcium ion concentration:
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Where the values of indicators for the state of the studied water terms of corrosion and sedimentation showed that the
aggressiveness factor ranges between (10.03 in P1) and (11.6 in P7). This indicates that the water is deposited by salts
to cause highly corrosive .The Langelier index (19) so all the negative values Langelier Index but in p7 is positive. [s an
indicator of the degree of saturation, sedimentation, calcium carbonate, or corrosion, and the molting of calcium
carbonate?

Through the study of water corrosion, it became clear that the Ryzner coefficient in Table (2) ranges between (6.7 -9.7)
is a clearer idea of the degree of water saturation and consequently, subject to precipitation or corrosion. These values
are total above 6, and this, in fact, indicates that the water is corrosive .Medium corrosive environment. These results
are consistent with and support the results obtained from Langelier(*® coefficient, due to the fact that Both factors
depend on the same variables in the calculations (pH, calcium, T.ALK, and temperature) Among the results obtained for
estimating the aggressiveness factor, the values of the aggressiveness factor ranged between ( 0.25 in P7) and (-1.3) in
P1).

12 7.38
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11.5 / \\ /A\ A/A\ 7.34
11 _—‘ 7.32
- 73
=i—PH 10.5 / 5 7.28
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Figure 1 The PH and AL aggressiveness factor by AL = pH + Log (ALK * Ca)

The degree of corrosion of the aqueous medium, and these figures refer to the corrosion of the mean of the medium
(water) and these results are consistent with .Those obtained from the previous two coefficients and support them,
especially since which confirmed the corrosion of the aqueous medium and the absence of sedimentation on the water
of the tubes.
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Figure 2 The relationship between PH and Ca*2 ppm

This compatibility is due to the fact that the aggressiveness coefficient depends on pH, calcium, T.ALK and temperature.

10
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Table 2 A parameters through which the aggressive index, Ryzner ndex and Langelier index

No.Well | Langelier Index | Aggressiveness Index | Ryzner Index
P1 -1.3 10.03 9.8

P2 -1.1 10.16 9.5

P3 0.95- 10.5 9.2

P4 -1.2 10.1 9.7

P5 -0.79 10.7 8.9

P6 -0.39 11 8

P7 0.25 11.6 6.7

P8 -0.87 10.4 9.1

Langelier Index The indications for the LSI and the improved LSI by Carrier are based on the following values
-Water is undersaturated with respect to calcium carbonate. Undersaturated LSI<0

-water has a tendency to remove existing calcium carbonate protective coatings in pipelines and equipment
LSI=0

-Water is considered to be neutral. Neither scale-forming nor scale removing LSI>0

Water is supersaturated with respect to calcium carbonate (CaCOs3) and scale forming may occur.

Table 3 LSI for level Corrosion

Indication LSI (Carrier)

0,5->2,0- Serious corrosion

0>0,5- Slightly corrosion but non-scale forming

LSI=0,0 Balanced but pitting corrosion possible

0,5>0,0 Sligthly scale forming and corrosive

2>0,5 Scale forming but non corrosive

Table 4 Ryzner Index for level Corrosion

Indication (Carrier 1965)

5,0-4,0 Heavy scale

6,0-5,0 Light scale

7,0-6,0 Little scale or corrosion
7,5-7,0 Corrosion significant
90-7,5 Heavy corrosion

9,0<  Corrosion intolerable
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3.1 Impact of increasing temperature on CaCOs formation

While the levels of Ca?* in natural waters are usually governed by regional geology (limestone, dolomite, etc.), the
carbonate system is more complex. The pKa values indicate that CO3%- becomes the dominant form of inorganic carbon
atpH 10.3
CO2 (g) +H20=CO0z2 (aq) +H2C03 (aq)
H2C0s3 (aq) =H*+HCO3- (aq)
HCO3- (aq) =H*+C032- (aq)
The ion activity product, Q, for CaCO3 is the product of the Ca2+ and CO32- activities as shown in the equation below.

Q={Ca?'} {COs*7}

When Q < Ksp, the solution is undersaturated, precipitation is not thermodynamically favored, and solid CaCO3 can
dissolve. However, when Q > Ksp, CaCOs is supersaturated and can precipitate. Precipitation starts with nucleation

80 - 375
70 7 37
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36
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50 | 35
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0 34
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~l=TC == [Ca2+]

Figure 7 Effect the temperature on CaCOs3 formation

4  Conclusion

All of the treatments used and the tests that were studied in the assessment of the degree of corrosion and
sedimentation, some chemical compounds confirmed that corrosion in the study areas corrosion ranges from the degree
of corrosion to medium to severe corrosion. the Aggressiveness coefficient highly degree and this indicates that the

13
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water in this region is highly corrosion, and the Ryzner coefficient, which indicates that the water condition is the cause
of corrosion The presence of high concentrations of chloride ion that will attack the steels, thereby creating dissolved
products in the aqueous medium. It became clear through studying the physical and chemical properties of groundwater
that it is corrosive and has a negative impact on mineral equipment and devices and therefore leads to a high rate of
economic losses. Groundwater in the area should be monitored, programs established for treatment and control of
concentrations and values that improve quality Control its corrosive property. These results indicate the unsaturation
of the wells studied, and this fact indicates the erosive and aggressive process of groundwater in the area corrosion Our
results show that the presence of calcium carbonate and calcium sulfate as a scaling environment increases the
corrosion rates for aluminum alloys and carbon steel; however, the same environments do not affect the corrosion
behavior of stainless steel.. Our results contribute to the understanding and study of a topic we believe is in its infancy
the simultaneous scaling and corrosion phenomena on materials employed in the oil and gas industry. We hope that the
results presented herein draw attention to

e Thelack of research in the internal corrosion of steel and aluminum pipelines.
e The need to evaluate aas as materials for tubular manufacturing for the oil and gas industry.

Compliance with ethical standards

Disclosure of conflict of interest

No conflict of interest to be disclosed.

References

[1] Laurie S. McNeill and Marc Edwards. Review of Iron Pipe Corrosion in Drinking Water Distribution
Systems(2002) 98

[2] Stumm, W. Investigation of the Corrosive Behavior of Waters. Journal of the ASCE Sanitary Engineering Division,
86:SA6:27 (1960).

[3] Tillmans, J. & Heublein, O. Investigation of Carbon Dioxide Which Attacks Calcium Carbonate in Natural Waters
(in German). Gesundheits Ingenieur, 35:34:669 (1912).

[4] Larson, T.E. & Skold, R.V. Corrosion and Tuberculation of Cast Iron. Journal AWWA ,49:10:1294 (1957).
[5]  Stumm, W. Calcium Carbonate Deposition at Iron Surfaces. Journal AWWA, 48:3:300(1956).

[6]  Stumm, W. Corrosion Studies. Public Works, 88:12:78 (1957).

[71 Stumm, W. Estimating Corrosion Rates in Water. Ind. and Eng. Chem., 51:12:1487 (1959).

(8]

Larson, T.E. Loss in Pipeline Carrying Capacity Due to Corrosion and Tuberculation.Journal AWWA, 52:10:1263
(1960).

[9] Flentje, M.E. Control of Red Water Due to Pipeline Corrosion. Journal AWWA, 53:12:1461

[10] Sander, A.; Berghult, B.; Elfstrom Broo, A.; Lind Johansson, E. & Hedberg, T. Iron Corrosion in Drinking Water
Distribution Systems--The Effect of pH, Calcium and Hydrogen Carbonate. Corrosion Sci,, 38:3:443 (1996).

[11] Sander, A.; Elfstrom Broo, A.; Berghult, B.; Hedbert, T. & Lind Johanson, E. The Influence of Water Quality on
Corrosion of Iron and Copper Pipe Materials. Proc. Internal Corrosion in Water Distribution Systems. Goteborg,
Sweden, 105-110 (1995).

[12] Ahlberg, E. Surface Complexation. Proc. Internal Corrosion in Water Distribution Systems. Goteborg, Sweden,
147-155 (1995).

[13] Sander, A,; Berghult, B.; Ahlberg, E.; Elfstrom Broo, A.; Lind Johansson, E. & Hedberg,T. Iron Corrosion in Drinking
Water Distribution Systems--Surface Complexation Aspects.Corrosion Sci., 39:1:77 (1997).

[14] H.Mansoori, D. Young, B. Brown, M. Singer, Influence of calcium and magnesiumions on CO2 corrosion of carbon
steel in oil and gas production systems-a review, ].Nat. Gas Sci. Eng. 59 (2018) 287-296.

[15] S.N. Esmaeely, Y.-S. Choi, D. Young, S. Nesic, Effect of calcium on the formationand protectiveness of iron
carbonate layer in CO2 corrosion, Corrosion 69 (2013)912-920.

14



International Journal of Frontiers in Chemistry and Pharmacy Research, 2023, 03(01), 006-016

C.Ding, K. Gao, C. Chen, Effect of Ca2+ on CO2 corrosion properties of X65 pipelinesteel, Int. ]. Miner. Metall. Mater.
16 (2009) 661-666.

L.M. Tavares, E.M. da Costa, ].J]. de O. Andrade, R. Hubler, B. Huet, Effect of calcium carbonate on low carbon steel
corrosion behavior in saline CO2 high pressureenvironments, Appl. Surf. Sci. 359 (2015) 143-152.

E. Eriksrud, T. Sontvedt, Effect of flow on CO2 corrosion rates in real and synthetic formation waters, Proc. Symp.
CO2 Corros. 0Oil Gas Ind. NACE International 1 (1984) 20-38.

Y. Hua, A. Shamsa, R. Barker, A. Neville, Protectiveness, morphology and composition of corrosion products
formed on carbon steel in the presence of Cl-, Ca2+ and Mg2+ in high pressure CO2 environments, Appl. Surf. Sci.
455 (2018) 667-682.

X.Jiang, Y.G. Zheng, D.R. Qu, W. Ke, Effect of calcium ions on pitting corrosion and inhibition performance in CO2
corrosion of N80 steel, Corros. Sci. 48 (2006) 3091-3108

J.E. Wajon, G.-E. Ho, P.]. Murphy, Water Res. 19 (1985): p. 831-837.

T. Li, Y. Yang, K. Gao, M. Lu, J. Univ. Sci. Technol. Beijing, Min Metall. Mater. 15 (2008): p. 702-706.
C.A. Palacios, ].R. Shadley, Corrosion 47 (1991): p. 122-127.

B. Zerai, B.Z. Saylor, G. Matisoff, Appl. Geochem. 21 (2006): p.223-240

C. Ding, K.W. Gao, C.F. Chen, Int. J. Miner. Metall. Mater. 16 (2009): p. 661-666.

H. Mansoori, R. Mirzaee, A.H. Mohammadji, F. Esmaeelzadeh, Acid washes, oxygenate scavengers work against gas
gathering failures, Oil Gas J. 111 (2013)106-111.

H. Mansoori, R. Mirzaee, F. Esmaeilzadeh, A. Vojood, A. Soltan Dowrani, Pitting corrosion failure analysis of a wet
gas pipeline, Eng. Fail. Anal. 82 (2017) 16-25.

J. Han, S. Nesic, Y. Yang, B. Brown, Spontaneous passivation observations during scale formation on mild steel in
CO2 brines, Electrochim. Acta 56 (2011) 5396-5404

K.S. Pitzer, lon interaction approach: theory and data correlation, Act. Coeff. Electrolyte Solut. (1991) 75-154.

S.N. Esmaeely, D. Young, B. Brown, S. Nesic, Effect of incorporation of calcium into iron carbonate protective
layers in CO2 corrosion of mild steel, Corrosion 73 (2016) 238-246.

S.N. Esmaeely, Y.-S. Choi, D. Young, S. Nesic, Effect of calcium on the formation and protectiveness of iron
carbonate layer in CO2 corrosion, Corrosion 69 (2013) 912-920

] Sobeih, Mohammed Abdullah (1995). Department of Social Services and Commercial Buildings, Department of
Projects, Abu Dhabi, United Arab Emirates

Mansour, Ibrahim Salem (1986). Corrosion Engineering and Technical Methods in Addressing It, Al-Ratib
University Publishing House, Beirut, Lebanon

Al-Faqih, Abdullah Alj, and Issa, Qais Raseb (2006). The First Chemical Conference, Department of Environmental
Sciences, Sebha University

Sadeq Tariq Salem (1997) The crustal deposits resulting from water - Industrial Research Journal - Volume VII -
Number One - Libya

Al-Jedidi Hassan Muhammad (1998) Foundations of General Hydrology - Publications of Al-Fateh University -
Libya

Al Agha, O (2006). Corrosion in Structures. ]. Al-Agsa Unvi, 10 (S.E).

Mark L. McFarland, Tony L. Provin, and Diane E. Boellstorff (2008) Drinking Water Problems: Corrosion ,Texas
Agrilife Extension Service, 21 partner Land Grant Universities in the Southern United States, and the USDA
National Institute of Food and Agriculture* .

Committee Report (1983) -Determining International Corrosion Potential in Water Supply System. Journal.
AWWA, USA.

Munawar, M. 1970.Limnological study of freshwater ponds of Hayderabad .India. ] .The Biotope Hydrobiologia.
35(1):127-162

Rice, 0. Corrosion Control with Calgon. Journal AWWA, 39:6:552 (1947).

15



[48]
[49]

[50]

[51]

International Journal of Frontiers in Chemistry and Pharmacy Research, 2023, 03(01), 006-016

Hidmi, L.; Gladwell, D. & Edwards, M. Water Quality and Lead, Copper, and Iron Corrosion in Boulder Water.
(1994).

Gedge, G. Corrosion of Cast Iron in Potable Water Service. Proc. Corrosion and Related Aspects of Materials for
Potable Water Supplies, Proceedings of the Institute of Materials Conference. London, UK (1992).

Hulsmann, A.D.; Hettinga, F.A.M. & Ekkers, G.H. Water Quality in istribution Networks.Aqua, 6:312 (1986).
Baylis, J.R. Cast-Iron Pipe Coatings and Corrosion. Journal AWWA, 45:8:807 (1953).

Stumm, W. Investigation of the Corrosive Behavior of Waters. Journal of the ASCE Sanitary Engineering Division,
86:5A6:27 (1960).

Pryor, M.J. & Cohen, M. The Mechanism of the Inhibition of the Corrosion of Iron by Solutions of Sodium
Orthophosphate. Journal Electrochem. Soc., 98:7:263 (1951).

Cartledge, G.H. Action of the XO4n- Inhibitors. Corrosion, 15:Sept.:469 (1959).

Kuch, A. Investigations of the Reduction and Re-oxidation Kinetics of Iron (III) Oxide Scales Formed in Waters.
Corrosion Sci., 28:3:221 (1988).

American Water Works Association Research Foundation & DVGW-Technologiezentrum Wasser. Internal
Corrosion of Water Distribution Systems, Second Edition. American Water Works Association, Denver, CO (1996).

Larson, T.E. & Skold, R.V. Current Research on Corrosion and Tuberculation of Cast Iron. Journal AWWA,
50:11:1429 (1958).

Kashinkunti, R.D.; Metz, D.H.; Hartman, D.]. & DeMarco, ]. How to Reduce Lead Corrosion without Increasing Iron
Release in the Distribution System. Proc. AWWA Water Quality Technology Conference. Tampa, FL (1999).

16



